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The study of rare B-decays at SuperB provides unique opportunities 
to understand the Standard Model (SM) and to constrain new physics 
(NP). It is discussed the new physics potential of the B — >■ KuV and 
B — > K*vv system from the proposed SuperB experiment with 75ab _1 of 
data (5 nominal years of data taking). 



PRESENTED AT 



6th International Workshop on the CKM Unitary Triangle 
Warwick, England, September 6-10, 2010 



1 Introduction 



Rare decays with a vv pair in the final state are interesting probes of NP, since 
they allow one to transparently study Z and other electroweak penguin effects in the 
absence of dipole operator and Higgs penguin contributions, which are often more 
important than Z contributions in b — > s£ + £~ decays. Moreover, since the neutrinos 
escape the detector unmeasured, the B — > + E m i SS channel can also contain 
contributions from other light SM-singlet particles substituting the neutrinos in the 
decay. 

Even though the inclusive B — > X s i/V decay is theoretically the cleanest among 
the b — > svv transitions, it is experimentally very challenging to measure. For this 
reason this decay mode is excluded from the following discussion. Out of the two 
B — > Kvv and B — > K*vv decay modes, there are three observables accessible: the 
corresponding branching fractions and an additional observable related to the angular 
distribution of the K* decay products Kn: the K* longitudinal polarization fraction 
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dcos9 4 V 2 
where 9 (helicity angle), is the angle between the K* direction in the B rest frame 
and the K direction in the K* rest frame. These three observables only depend on 
two combinations of the Wilson coefficients C V L and C V R [T], through the variables 



. IQI 2 + |C£I7I(Q) 5M | and 77 = -Re(CK*)/(|Q| 2 + |C£| 2 ) ( V G [-|,|]). 
The discussed observables can be expressed in terms of e and r\ as follows, 



Br(5 K*uV) = Br(B -> K*vV) SM (l + 1.31r/)e 2 
Br (B -± KvV) = Br (5 KvV) SM (l - 2r])e 2 , 

(F L (B^K*uV)) = (¥ L {B^K*W)) SM (1 ( ^ 2 3 ^ } ■ 



(2) 
(3) 

(4) 



As e and rj can be calculated in any model, these four expressions can be considered 
as fundamental formulae for any phenomenological analysis of the decays in question. 
The experimental bounds on the branching ratios (see table [T]) can be translated to 
excluded areas in the e — rj plane, where the SM corresponds to (e, rj) = (1, 0) (see 
the green area of rightmost plot in figured]). Since the three observables only depend 
on two parameters, a measurement of all of them would overconstrain the resulting 
(e, rj) point. 



2 The Experimental Technique and Strategy 

The recoil technique has been developed in order to search for rare B decays with 
undetected particles, like neutrinos, in the final state. The technique consists on the 
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Observable 


SM prediction 


Experiment 


BR(B -> #i/F) 
(Fi(B ->• 


(6.8™) x 10" e [T] 
(4.5 ±0.7) x 1CT 6 [T] 
0.54 ±0.01 [J 


< 80 x 10- B 0] 

< 14 x 10" 6 g] 



Table 1: SM predictions and experimental 90% C.L. upper bounds for the four b — > svv 
observables. 



reconstruction of one of the two B mesons (-B tag ), produced through the e + e _ — > 
T(4S f ) — >■ resonance, in a high purity hadronic or semi-leptonic final states, 
allowing to built a pure sample of BB events. Having identified the B tag , everything 
in the rest of the event (ROE) belongs by default to the signal B candidate (B sig ), 
and so this technique provides a clean environment to search for rare decays. 

In this analysis, the B tag is reconstructed in the hadronic modes B —■ D^*'X, 
where X = mr + mK + pK$ + qn° (n + m + p + q < 6), or semi-leptonic modes 
B — > D"£j/, {I = e, /x). In the search for B — > KuV decays, the signal is given by a 
single track identified as a kaon in the rest of the event. In the search of B — >■ K*vv 
decays, it is searched for a single K* in the ROE reconstructed in the K*° — > K + tt~ , 
K*+ ->■ K° S 7T + and K* + -> K + tt° modes. 

For this kind of decay modes with undetected particles in the final state, the 
most powerful variable for separating signal and background is the so-called extra 
energy, E extT a, which is defined as the extra energy in the electromagnetic calorimeter 
not associated with the B tSug or B sig candidates. For the signal this variable peaks 
strongly near zero. This variable can be combined with the helicity angle to perform 
a 2-dimensional fit to extract the B — > K*vv rate and polarization fraction. 

In order to perform the angular analysis for the B — > K*vv decay it is needed 
the reference frame of the B sig . Due to the closed kinematic of the hadronic recoil 
technique, the B sig rest frame can be easily calculated from the reconstructed _B tag 
and the beam energies. However, the semi-leptonic recoil technique poses a problem 
due to the presence of a neutrino in the B tag reconstruction. As the only missing 
particle in the B tag is a neutrino, it is possible to calculate the CM-frame angle 
between the B tag and D^*H momenta. Yet, as the B S i g and B ta _ g are back-to-back in 
the CM frame, this means that the -B s ; g momentum is contained in a cone around 
the D^*H system. Using this information, the module of the -B s ; g CM momentum 

(p* B = J (E^ cam /2) 2 — m 2 B , with E^ eam the total beam energy in the CM-frame) and 
the beams collision point (beam-spot), it is possible to built two estimators of the 
helicity angle: 1) Average method: the helicity angle is the arithmetic average of the 
helicity angles calculated using all possible B sig directions around the D^*H system; 2) 
Beam-spot method: one computes the helicity angle using the B sig direction around 
the Owl system that gives the minimum distance between the beam-spot and the 
line that passes through the D^H vertex with the B slg direction. 
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K* decay modes 


Average (semi-lep) 


beam-spot (semi-lep) 


hadronic 


K* V ->• K+TT- 


11.5 


13.9 


2.3 


K*+ -» K%TT+ 


25.3 


28.1 




K*+ ->• Jf +7r° 


24.1 


26.0 





Table 2: Resolution on the helicity angle estimated from the SuperB fast simulation. 
The angles are in degrees. 



The SuperB j2] fast simulation has been used to estimate the resolution effects on 
the helicity angle, the results are shown in table |2j For the semi-leptonic technique, 
it should be noted that the average method gives better results than the beam-spot 
one. The resolution effects depends strongly on the K* mode, one obtains the best 
results for the K*° — > K + n~ decay, due to the lower rate of fake K* reconstruction. 
As expected, better results are obtained with the hadronic recoil technique due to 
the closed kinematics. Currently, there are no results on the expected sensitivities on 
the (Fi) parameter for the SuperB expected statistics, but studies are on going. 

3 SuperB detector and expected sensitivities 

Even though the expected SuperB [2] increase in the instantaneous luminosity of a 
factor of 100 already promises significant improvements on the before mentionned 
rare decays, additional activities for detector optimization are currently ongoing. The 
baseline SuperB detector configuration is very similar to BaBar but the boost (^7) is 
reduced from 0.56 to 0.28. This boost reduction increases the geometrical acceptance 
and so the reconstruction efficiency Additionally, it is considered the inclusion of 
a highly performant particle identification device (Fwd-PID) based on time-of-flight 
measurements in the forward region (17 — 25 degrees in polar angle). 

The SuperB fast simulation has been used to produce signal samples in the before 
mention detector configurations: BaBar, SuperB base-line and SuperB+Fwd-PID. 
This test showed a 15% to 20% increase in efficiency using the SuperB+Fwd-PID 
configuration with respect to BaBar, depending on the final state, mainly due to the 
boost reduction. For the time being no generic BB samples has been produced. To 
be conservative it has been assumed that the background efficiency increases by the 
same factor as the signal in such a way that the signal to background ratio (S/B) 
stays constant. This global increase in efficiency provides a gain on S/ y{S + B), 
which would be interpreted as the signal significance for a cut and count analysis. 
The S/^J(S + B) ratio, for both B — > KuV and B — > K*vV modes, as a function 
of the integrated luminosity for the three detector configurations is shown in the 
left and middle plots of figure [1] (BaBar (solid-black), SuperB (dotted-black) and 
SuperB+Fwd-PID (solid-red)). A sensitivity of 15% and 17% are expected for the 
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measurement of the Bt(B — > Kvv) and Bi(B — > K*vv\ respectively, at 75ab _1 for 
the SuperB+Fwd-PID setup. 

The rightmost plot of figure [I] shows the constraint at 68% (blue-region) and 95% 
(red-region) in the (e, if) plane for the expected sensitivities on Bx(B — > Kvv) and 
Br(B — > K*vv) at 75ab _1 . As can be seen, SuperB promises to significantly reduce 
the NP parameter space. 




Integrated Lumi[ab" 1 ] Integrated Lumi[ab"'] e 



Figure 1: Expected sensitivities for the By(B — > Kvv) (left) and Br(B — > K*vv) 
(middle) as a function of the integrated luminosity; and expected constraint on the 
(e, rj) plane for the measurement of the before mentioned Br 's at 75ab _1 (right). 



4 Summary and outlook 

In summary, it has been investigated the reach of SuperB in the search of the B — > 
K^vv decays with both the hadronic and semi-leptonic techniques. Preliminary 
results based on the SuperB fast simulation have shown an 15 to 25% increase in 
the global efficiency with respect to the BaBar. It has also be shown that SuperB 
will allow an unprecedent reduction of the NP parameter space, (e, rf) plane, for the 
expected sensitivities at TSab" 1 of data. An angular analysis for the B — > K^vv 
decay will also be feasible, and the additional observable ((Fl)) promises to reduce 
further the NP parameter space. 
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